In Mongolia, as worldwide, communities are challenged by water scarcity, depletion and pollution.
Mongolia is one of the 60 countries in the world with limited water resources, significantly lower than the world average (Batimaa et al. ) . Additionally, both surface water, for example the Tuul River, and groundwater quality is degrading due to numerous anthropogenic activities (Batsaikhan et al. ; Nriagu et al. ) . It has been projected by the CSIRO-Mk2b model of the Tuul River that water resources will decrease by up to 25% by 2080 due to climate change impact (Batimaa et al. ) . 
MATERIAL AND METHODS

Study area and site selection
The study area was made up of the peri-urban Ger areas, informal and unplanned settlements, which surround Ulaanbaatar City in Mongolia. Figure 1 shows the study area map. 
Model development and piloting
Three different concepts and technical models of greywater treatment were developed by USTB and ACF Mongolia considering the high concentration of greywater and extreme cold climatic conditions. These concepts and models include an underground greywater treatment unit (UG-GWTU), a greenhouse greywater treatment unit (GH-GWTU), and an ice-hole greywater treatment unit (IH-GWTU) (Figure 2 ). Two of them were applied at The household owners, where the two units were piloted, and the concerned ACF staff were trained to carry out the piloting, operation and maintenance of the treatment units. The household owners were the key stakeholders and responsible for running the units to obtain more practical knowledge in the operation and maintenance of the units. The three models are described below.
Underground greywater treatment unit
Greywater is poured into a sink inside the Ger or the house.
Below the sink a fat trap with screen is installed to retain fat and impurities. The screened greywater flows into a septic tank, which is located in an insulated chamber under the Ger or the house. Remaining fat and solid particles are retained.
The pre-treated water leaves the septic tank towards a secondary treatment step, which is a vertical flow filter or an anaerobic filter. For the tertiary treatment step a slow sand filter, vertical flow filter or an anaerobic filter is recommended.
A storage tank collects the treated effluent water, which could then be used for irrigation. As an option, a percolation bed could be installed below the chamber to recharge groundwater during wintertime when the treated water cannot be used or stored on site. The fact that the chamber is located under the Ger or house leads to positive temperatures inside the chamber throughout the whole year, and prevents the treatment unit from freezing during winter. Effluent water can be used for irrigation in summer; during winter the effluent water could be stored in the form of ice; so a huge amount of water will be on hand in springtime. It is also part of the pilot phase to empower GWTU users to handle the different treatment techniques: as the composition of the greywater is not 100% specified, the maintenance activities and intervals cannot as yet be specified in detail. From time to time, users of GWTU have to take sludge out of the septic tank and sand filter. Sludge can be taken to an on-site sludge drying bed where it is dried. Sludge could also be co-composted in an on-site compost pile.
Greenhouse greywater treatment unit
Greywater is supplied into the inlet of the treatment unit, where screening also takes place. The next step is a septic tank where solids and floating fat particles settle. After this pre-treatment in the septic tank, the greywater receives a secondary treatment in a vertical flow constructed wetland or an anaerobic filter. For the tertiary treatment, a slow sand filter is constructed. At the end of the treatment process, a tank is recommended for collection and storage of the effluent water, which can be used for irrigation.
During winter it is not possible to achieve permanently positive temperatures inside the passive solar greenhouse so treatment is not possible. Therefore, it is recommended to store the raw greywater on site in the form of ice for 4 months (from December to March). When temperatures inside the greenhouse climb above 0 W C, greywater ice blocks are placed in the treatment unit where they melt and the liquefied greywater can be treated as described above. Effluent water can be used for irrigation.
An inside green house unit could be chosen if the soil is rocky thus making it difficult to dig. If the soil consists of gravel or scissile rock, the site might be considered for the construction of either an underground or an ice-hole unit design. Information about soil characteristics could be obtained by asking about the depth and the year of installation of the currently used pit latrine. Also, for winter greenhouse construction options, it is necessary to know the compound's West-East axis. Winter greenhouse construction may require changing the fence in order to minimize any shadow effect.
Ice-hole greywater treatment unit
The frozen greywater is brought to an insulated chamber which is installed underground, designed to receive a calculated amount of frozen greywater throughout the winter months. When outside temperatures climbs above 0 W C, the ice blocks are supplied to a treatment unit. The greywater melts and can be treated. The ice blocks inside the insulated chamber stay frozen until summer. During summer months, liquid greywater is applied directly to the treatment unit.
The unit provides for an optional three-step treatment: (1) a septic tank for primary treatment; (2) a vertical flow constructed wetland or an anaerobic filter for secondary treatment; and (optional) (3) a slow sand filter for tertiary treatment. A collection and storage tank or pond is recommended to keep the effluent water for irrigation. Table 2 shows the hydraulic loading of major components of the three greywater treatment units. 
Project evaluation
Greywater characteristics
The laboratory analysis shows (Table 3 ) a high concentration of chemical oxygen demand (COD) (range from 6,072 to 12,144 mg/l), N-NH 4 þ (range from 183.7-322.6 mg/l), PO 4 þ (range from 12.6-88.2 mg/l) and total suspended was considered in order to facilitate its replication.
Underground greywater treatment unit
Field investigation revealed that some households have a storage chamber under their Ger or house where they keep vegetables during winter to protect them from freezing.
These storage rooms maintain temperatures above freezing point. This space might reduce the cost of excavation for the installation of an UG-GWTU. The fact that the chamber is located under the residence leads to temperatures always above zero inside the chamber, and the GWTU could continuously operate throughout the year without any effect from cold temperatures.
Greenhouse greywater treatment unit
The GH-GWTU was identified as the technology option with the most advantages. However, this treatment option combined with an above ground storage tank was evaluated as not being practicable. The unit for a house with water connection seems to be practicable, but building a constructed wetland of 4 m depth causes concerns. The proposed GH-GWTU to treat greywater was modified according to the experience of the NGO GERES with passive solar greenhouses in Mongolia.
For any off-site treatment (greywater is not treated at the source of origin but 'centralized' in an indoor greenhouse unit) a collection service is requested to transport greywater from several households to the treatment unit. Part of the pilot phase is also to empower GWTU users to handle the different treatment techniques: as the composition of the greywater is not 100% specified, the maintenance activities and intervals could also not yet be specified in detail.
From time to time users of GWTU have to remove sludge from the septic tank and sand filter. Sludge could be brought to an on-site sludge drying bed. Sludge could also be composted in an on-site compost pile. Fat can be burned on site together with solid waste (currently a common practice, although not really recommended) or could be used as fuel for the oven inside the Ger, if the stove is suitable and no liquid fat can drop out.
Piloting and evaluating the GWTUs
UG-GWTU
The summer period for construction is very short in Mongolia (June-October) and all types of construction have to be completed within this period. The UG-GWTU was set up for piloting during that period in 2011. The results from interviews with users show that the system was running without any problems for the first two months and then it was running slower until it clogged completely. The slow sand filter was identified as the component with the biggest blockage due to the high grease and fat content of the greywater. In October 2011, the UG-GWTU was dismantled and removed by the owner of the house. The chamber is currently being used as a storage room. The chamber underneath the house was warm enough to keep the water unfrozen even during the month of November when the temperature outside was recorded as À39 W C. Above that, smell and odour were mentioned to be intense from the system, but only towards the end of the operation of the system. No maintenance was applied except for removing grease two or three times per month, and cleaning the sink twice a month. The fat and grease were disposed of with the household garbage. Sludge was not recovered. To overcome the clogging, chemicals were applied, but no improvement resulted from that intervention due to lack of information about the adequate maintenance measures, as well as inadequate handling guidelines.
GH-GWTU
At the end of summer 2011 the installation of the GH-GWTU was completed by ACF. The system was running for around 1 month, but after 2 weeks it started to become clogged due to heavy grease and fat content. After 4 weeks the gravel filter and the slow sand filter were overflowing. The system was cleaned and emptied shortly after by the user, and then stopped running. Both filters were described to have a thick layer of sludge on top. In the end, water was overflowing from the system and a very strong smell developed. Even with the additional aeration that was installed afterwards, the smell was described to be so intense that it could be noted in the Ger next to the greenhouse. The owner decided finally to dismantle the unit. It should be mentioned that the owner was not provided with guidelines on maintenance apart from washing the gravel in the case of blocking. On clogging, the user cleaned the system, but even after this the outcome was described as unsatisfactory. The remaining grease and sludge was disposed of with the household garbage.
The user expressed the view that the frequent cleaning of the unit (e.g. washing the gravel, etc.) was regarded critically since it takes a lot of work and time and involves a lot of effort.
The treatment capacity of both UG-GWTU and GH-GWTU is 60 litres/day. The average daily production of 
The way forward
Further technical modifications of the piloted models and detailed and specific training of the users should make the technology fit in to the socio-economic and ecological context. Regarding the GH-GWTU, the design would benefit from adjustments such as introducing a grease trap as a pretreatment, a ventilated system for gas/odour evacuation, replacement of the metal barrel with plastic or pre-fabricated barrels, and pipes to allow overflow. Furthermore, the system needs to be maintained and cleaned frequently for effective operation. The greywater from the Ger areas is known to be highly concentrated since it is used repeatedly and traditional food contains a lot of fat. For this reason it is strongly recommended to have a two chamber grease trap installed before releasing the water into the septic tank. To overcome the effect of the cold climate on the treatment processes and efficiency, greywater only needs to be stored in front of the system for the GH-GWTU. The UG-GWTU can run throughout the year for treatment without any impact from cold temperatures. As both water consumption and production are low in the study area, the treatment capacity of both systems is feasible and it is recommended to store greywater for GH-GWTU during the extreme winter and treat the frozen greywater as soon as the temperatures move above freezing. Compared to the UG-GWTU, the GH-GWTU is easy accessible and it is suggested that the GH-GWTU be used as a pilot again with adjustment. The IH-GWTU which has been briefly described above can be considered in the Ger area context during winter when greywater freezes.
Both the upgraded GH-GWTU and the IH-GWTU would be feasible in the study area and beyond.
Other technological options such as 4-in-1 biogas systems, willow wastewater treatment facilities and septic tanks with perforated pipe soil filters may also offer a high potential for adaptation to Ger area conditions. As the period for construction is very short in Mongolia (4-6 months in a year), it is proposed that the planning and design be done before that period. A laboratory analysis after treatment is suggested to assess the potential and suitability of the greywater treatment technology, and to reuse them in various sectors according to international standards of greywater reuse.
An overall approach foresees that the design of the GWTU should be in line with the desired effluent quality for the intended pathway, disposal or reuse. In the case of 
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